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(54) Evaluation of a channel by handover measurements 



(57) A mobile communication network, particularly 
a simulcast GSM network, is enabled to obtain extra 
information about the radio links between the mobile 
stations (4) and the base transceiver stations (8) by 
generating and aborting a radio resource management 
process and then measuring radio link parameters such 
as signal level or signal quality associated with such 



control signals. Actual handover is prevented by the 
abortion but when sufficient data has been obtained the 
measurements are collated and used to determine the 
optimum cell and/or channel for handover. Both uplink 
measurements and downlink measurements can be 
obtained. 
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Description 

Field of the Invention 

[0001] The present invention relates to a cellular 5 
mobile communication network (particularly but not 
exclusively a GSM or DCS 1800 mobile communication 
network) and to a method of operation of such a net- 
work. 

Background of the Invention 

[0002] In a cellular mobile communication system 
such as the Global System for Mobile Communication 
(GSM).each of the mobile stations communicate with a 
typically fixed base station. Communication from the 
mobile station to the base station is known as uplink and 
communication from the base station to the mobile sta- 
tion is known as downlink. The total coverage area of 
the system is divided into a number of separate cells 
each covered by a single base station. The cells are typ- 
ically geographically distinct with an overlapping cover- 
age area with neighbouring cells. As a mobile station 
moves from the coverage area of one cell to the cover- 
age area of another cell, the communication link will 
change from being between the mobile station and the 
base station of the first cell to being between the mobile 
station and the base station of the second cell. This is 
known as a handover. Specifically, some cells may lie 
completely within the coverage of other larger cells. 
[0003] All base stations are interconnected by a fixed 
network. This fixed network comprises communication 
lines, switches, interfaces to other communication net- 
works, various controllers required for operating the net- 
work and the base stations themselves. A call from a 
mobile station is routed through this network to the des- 
tination specific for this call. If the call is between two 
mobile stations of the same communication system the 
call will be routed through the network to the base sta- 
tion of the cell in which the other mobile station is cur- 
rently. A connection is thus established between the two 
serving cells through the network. Alternatively, if the 
call is between a mobile station and a telephone con- 
nected to the Public Switched Telephone Network 
(PSTN) the call is routed from the serving base station 
to the interface between the cellular mobile communica- 
tion system and the PSTN. It is then routed from the 
interface to the telephone by the PSTN. 
[0004] As demand for mobile radio services 
increases, there is a requirement to provide ever greater 
capacity. One way to provide this extra capacity is to 
reduce cell size so that the available frequency band 
can be reused to a greater extent. However, increasing 
the number of cells makes frequency planning more 
complex and can impose other constraints on mobile 
stations as a result of their radio visibility from large 
numbers of cells, not just the nearest neighbours of their 
serving cell. 



[0005] The use of a simulcast control channel over a 
group of cells has been proposed to lessen the fre- 
quency planning problem; individual cell sites are 
assigned carriers as needed on a dynamic basis. How- 
ever, handover between cells then becomes more diffi- 
cult as each cell is no longer associated with a unique 
control channel. 

[0006] A simulcast system is one in which all the cells 
within the network transmit an identical signal, at the 
same frequency, at all times. This signal contains con- 
trol information and is used as a beacon by external net- 
works to determine relative signal strength. Additionally, 
each cell within the simulcast system transmits a sec- 
ond frequency upon which traffic can be relayed. The 
second frequency is different from cell to cell although it 
may be reused if there is sufficient distance to mitigate 
interference. As a mobile is likely to remain within this 
simulcast system during the period of the call and the 
simulcast carrier effectively creates a single larger 
umbrella cell, very few intercell handovers (between 
simulcast calls and external cells) will be required. Con- 
sequently, the majority of handovers will be of the intra- 
cellular (between the simulcast cells) type. Since there 
is a single umbrella cell identification the mobile cannot 
identify the smaller target cells beneath this umbrella 
cell: i.e. the handover process cannot be mobile- 
assisted. Rather than mobiles identifying cells, the cells 
identify the target mobiles by making measurements of 
the strength of neighbour uplink traffic. The stronger the 
neighbour measurement compared to measurements 
made by other cells the more probable that the 
observed mobile will handover into that cell. 
[0007] The present invention is applicable particularly 
but not exclusively to a simulcast network. 

Summary of the Invention 

[0008] An object of the present invention is to enable 
more information to be obtained from the network with- 
out substantial modification of a standard cellular net- 
work, e.g. a GSM network. 

[0009] According to a first aspect of the invention, 
there is provided a method of evaluating a communica- 
tions channel between a mobile station and a base sta- 
tion in a cellular mobile communication network, 
wherein a radio resource management process relating 
to the mobile station is initiated; a characteristic of a 
received signal from the mobile station is measured dur- 
ing this process; and the radio resource management 
process is unconditionally aborted. 
[0010] In one embodiment, the radio resource man- 
agement process can be initiated by the fixed network 
or the mobile station and a serving cell is preferably 
selected in dependence upon the evaluation. 
[0011] According to a feature of the invention, the 
radio resource management process can be initiated by 
a clock signal or in response to the radio conditions. 
[001 2] According to a second feature of the invention, 
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the characteristic of a received signal from the mobile 
station can be measured by one or more base stations, 
by one or more mobile stations or by one or more dedi- 
cated receivers distinct from the base stations. 
[001 3] In one embodiment, the mobile communication 5 
network is a GSM network with a simulcast carrier. 
[0014] According to a second aspect of the invention, 
there is provided a cellular mobile communication net- 
work comprising means for initiating a radio resource 
management process relating to the mobile station; 10 
means for measuring a characteristic of a received sig- 
nal from a mobile station during this process; and 
means for unconditionally aborting the radio resource 
management process. 

[0015] According to a third aspect of the invention, 15 
there is provided a base station comprising, means for 
initiating a radio resource management process relating 
to a mobile station; means for measuring a characteris- 
tic of a received signal from the mobile station during 
this process; and means for unconditionally aborting the 20 
radio resource management process. 
[0016] Preferred features are defined in the depend- 
ent claims. 

Brief Description of the Drawings 25 

[0017] Preferred embodiments are described below 
by way of example only with reference to Figures 1 to 3 
of the accompanying drawings, wherein: 

30 

Figure 1 is a schematic diagram of a GSM mobile 
communication network in accordance with this 
invention, employing a simulcast BCCH carrier 
which extends over an array of cells; 

35 

Figure 2 is a schematic flow diagram illustrating a 
method of call setup in accordance with one aspect 
of the invention; and 

Figure 3 is a schematic flow diagram illustrating a 40 
method of call handover in accordance with another 
aspect of the invention. 

Description of a Preferred Embodiment 

45 

[0018] Referring to Figure 1, the GSM network illus- 
trated comprises a group of picocellular heads 1 cou- 
pled to a common base transceiver station (BTS) 8 and 
defining respective picocells 2, each picocell 2 repre- 
senting the coverage of a respective carrier signal asso- so 
dated with each picocellular head. Each carrier signal 
will typically have a different frequency from those of at 
least its nearest neighbouring picocells. 
[0019] A further simulcast carrier is transmitted from 
each picocellular head 1 and extends over all the above 55 
picocells as illustrated at 11 . 

[0020] BTS 8 is in turn connected by a fixed commu- 
nications link to a base station controller (BSC) 9 which 



is connected to the remainder of the network in a stand- 
ard manner (not shown). 

[0021 ] In this embodiment a clock 1 0 generates a sig- 
nal periodically which is relayed to BTS 8 and results in 
a handover command transmitted over the DCH chan- 
nel of mobile station 4. This is illustrated in step c of Fig- 
ure 3 and the resulting operation is described below in 
connection with these Figures. The handover command 
is assumed to be received by a mobile station 4. 
[0022] Before describing this embodiment in more 
detail, a variant will be described below with reference 
to Figure 2. 

[0023] In this variant, the method is implemented at 
the call establishment stage. A user of a mobile station 
4 decides to make a call and the mobile station requests 
a channel in a standard manner via the RACH (Random 
Access CHannel) on the simulcast BCCH carrier 11 - 
step A. This signal is received by the BTS 8 and in 
response an assignment command to a dedicated con- 
trol channel (DCH) of one of the cells 2 within the area 
of the simulcast carrier 1 1 is generated - step B. This 
assignment command is received by the mobile station 
4 which generates a channel access message. In 
accordance with a feature of the invention, all cells com- 
prising the simulcast DCH are arranged to refuse the 
assignment and instead to make uplink measurements 
on the mobile station such as one or more of the follow- 
ing: signal strength (RX-LEV), radio link quality (RX- 
QUAL), angle of arrival, timing advance and delay 
spread. 

[0024] Optionally, an assignment to a further cell can 
be made and steps B and C repeated. 
[0025] Assuming more than one parameter is meas- 
ured in this way, the parameters are collated (step D) 
and evaluated to determine a preferred cell 2 (step E). 
An assignment to this preferred cell is then transmitted 
both to the mobile station 4 and to this cell (step F) and 
the call is then established in a standard manner. 
According to the invention a number of measurements 
can thus be performed and thus information about the 
mobile station can be determined while not setting up a 
call. The call set up is unconditionally aborted and 
measurements are thus performed and information 
gathered without any requirement to subsequently set 
up a call. 

[0026] Referring now to Figure 3, in this embodiment 
it is assumed that a call has been established, i.e. that a 
traffic channel (TCH) has been assigned between one 
of the cells 2 and the mobile station 4. In the arrange- 
ment shown in Figure 1 , the serving cell will be the top 
right hand cell in which the mobile station 4 is located. 
[0027] In response to for example a clock signal from 
clock 10, a decision is made to collect data - step b, and 
a handover command is sent to the mobile station 4 
commanding it to send a handover access message to 
the dedicated control channel (DCH) on the simulcast 
carrier - step c. 

[0028] This command is unconditionally refused i.e. 
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the handover process will unconditionally be aborted 
and the mobile station will typically return to the traffic 
carrier previously used. However, the handover process 
results in the mobile station 4 transmitting on the simul- 
cast carrier thereby allowing the neighbouring cells 2' to 
measure one or more uplink characteristics associated 
with the link between these cells and the mobile station 
as described above in connection with Figure 2. Accord- 
ingly, measurements of the mobile can be performed at 
all picocellular heads without changing the state of the 
system as the mobile station is automatically returned 
to the previous allocation. A characteristic of the 
received signal at the various picocellular heads is thus 
obtained. Steps c and d are optionally repeated either 
for the same mobile or for different mobiles. 
[0029] According to a feature of the invention, the 
measured characteristics are collated by the network 
(step e) and compared to determine the best cell for 
handover (step f). When a handover is determined to be 
beneficial the optimum cell (that is prepared to accept a 
handover access from mobile station 4) is chosen and a 
handover process is initiated commanding the mobile 
station to handover to this cell (step g). This is acted 
upon, as in steps D to F of Figure 2. 
[0030] A handover or call set-up process are specific 
examples of radio resource management processes but 
the invention is also applicable to other radio resource 
management processes. These include for example 
processes for change of operating mode, authentication 
requests or location update. Examples of radio resource 
management processes for the GSM system can be 
found in the GSM specification 04.08. 
[0031] The determination of the need to collect data 
and initiate a radio resource management process 
according to the invention can be in response to for 
example 

i) a change in signal quality, preferably when the 
signal quality falls below a threshold measurements 
in accordance with the invention are initiated to 
determine suitable handover candidates. 

ii) a change in signal level, again preferably if the 
signal level falls below a threshold value. 

iii) a change in timing advance. An increasing tim- 
ing advance indicates that the mobile station is 
moving away from the base station and measure- 
ments are therefore initiated when the timing 
advance increases above a certain threshold. 

iv) an angle of arrival. A change in the angle of 
arrival can indicate that the mobile is moving and 
therefore that new measurements are desirable to 
determine if a more suitable serving cell can be 
found. 

v) a delay spread. Similarly, a change in delay 
spread can indicate a moving mobile station. 

vi) reported mobile measurements. The mobile sta- 
tion will report the signal levels of the neighbouring 
serving cells and strong signals from neighbouring 



stations indicate that a handover may possibly be 
desirable and that measurements should be initi- 
ated to determine suitable candidates, 
vii) a change in traffic levels. If the traffic in some 
5 cells increase drastically it may be advantageous to 
move some mobile stations to neighbouring cells if 
possible. Measurements according to the invention 
can be initiated to determine if this is possible. 

w [0032] The initiation of the radio resource manage- 
ment process can be performed in the fixed network in 
response to for example the above criteria. Alternatively 
it can be determined in the mobile station and a mes- 
sage can be transmitted to the fixed network starting the 

is process. 

[0033] Preferably, the characteristic of the signal 
transmitted is measured by the base stations and by aJI 
the picocellular heads. Alternatively, the signals can be 
measured by other mobile stations or by separate dedi- 

20 cated receivers. 

[0034] The radio resource management process is 
preferably aborted by the f ixed network following at least 
one radio resource message to the mobile station by 
transmitting the required messages to the involved base 

25 stations and by the base stations transmitting the 
required messages to the mobile stations. The mes- 
sages required in GSM are defined in GSM specifica- 
tion 04.08. Alternatively, the process can be aborted by 
the mobile station. 

30 [0035] It will be seen that the invention enables a 
greater amount of information to be obtained about 
radio signals in the network than in a conventional GSM 
network, and that this advantage is not dependent on 
the use of a simulcast system. In principle, such extra 

35 information could be obtained in a non-simulcast sys- 
tem or an umbrella system. 

[0036] Although the invention has been described in 
the context of a GSM network, the invention is not lim- 
ited to such a network but is also applicable to other cel- 
40 lular networks such as the Japanese PDC system and 
the North American NADC system for example. 

Claims 

45 1 . A method of evaluating a communications channel 
between a mobile station (4) and a base station (8) 
in a cellular mobile communication network, 
wherein a radio resource management process 
relating to the mobile station (4) is initiated; a char- 
so acteristic of a received signal from the mobile sta- 
tion (4) is measured during this process; and the 
radio resource management process is uncondi- 
tionally aborted. 

55 2. A method as claimed in claim 1 wherein the radio 
resource management process is initiated by the 
fixed network. 
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3. A method as claimed in claim 1 wherein the radio 
resource management process is initiated by the 
mobile station (4). 

4. A method as claimed in any preceding claim s 
wherein a serving cell (2) is selected in depend- 
ence upon the evaluation. 

5. A method as claimed in any of claims 1 to 3 wherein 

a channel assignment is made in dependence upon 10 
the evaluation. 

6. A method as claimed in any of claims 1 to 5 wherein 
the radio resource management process is initiated 

by a clock signal. is 

7. A method as claimed in any of claims 1 to 5 wherein 
the radio resource management process is initiated 
in response to the radio conditions. 

20 

8. A method as claimed in claim 7 wherein the 
resource management process is initiated in 
response to one of the group of 

i) a change in signal quality 25 

ii) a change in signal level 

iii) a change in timing advance 

iv) an angle of arrival 

v) a delay spread 

vi) reported mobile measurements, and 30 

vii) a change in traffic levels. 

9. A method as claimed in any preceding claim 
wherein the characteristic of a received signal from 

the mobile station (4) is measured by one or more 35 
base stations (8). 

1 0. A method as claimed in any of claims 1 to 8 wherein 
the characteristic of a received signal from the 
mobile station (4) is measured by one or more 40 
mobile stations. 

11. A method as claimed in any preceding claim 
wherein the radio resource management process is 
aborted by the fixed network after at least one radio 45 
resource management message has been trans- 
mitted to the mobile station (4). 

12. A method as claimed in any preceding claim 
wherein the radio resource management process is so 
aborted by the mobile station (4) after at least one 
radio resource management message has been 
transmitted to the mobile station (4). 

13. A method as claimed in any preceding claim 55 
wherein the characteristic is chosen from the group 

of: 



i) signal strength, 

ii) radio link quality, 

iii) angle of arrival, 

iv) timing advance and 

v) delay spread. 

14. A method as claimed in any preceding claim 
wherein the radio resource management process is 
chosen from the group of: 

i) a handover 

ii) a call setup 

iii) a change of operating mode 

iv) authentication request 

v) location update. 

15. A method as claimed in any preceding claim 
wherein the mobile communication network is a 
GSM network. 

16. A method as claimed in any preceding claim 
wherein a simulcast carrier is transmitted over two 
or more cells. 

1 7. A cellular mobile communication network compris- 
ing, means for initiating a radio resource manage- 
ment process relating to a mobile station (4); 
means for measuring a characteristic of a received 
signal from the mobile station (4) during this proc- 
ess; and means for unconditionally aborting the 
radio resource management process. 

18. A base station (8) comprising, means for initiating a 
radio resource management process relating to a 
mobile station (4); means for measuring a charac- 
teristic of a received signal from the mobile station 
(4) during this process; and means for uncondition- 
ally aborting the radio resource management proc- 
ess. 
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REQUEST A CHANNEL ON THE 
SIMULCAST BCCH(RACH) 
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SEND ASSIGNMENT TO BCCH 
SIMULCAST TRAFFIC CHANNEL 
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REFUSE ACCESS BUT COLLECT 
LINK PARAMETERS 



COLLATE LINK PARAMETERS 
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USE LINK PARAMETERS TO 
DETERMINE PREFERRED CELL 



SEND ASSIGNMENT COMMAND 
TO PREFERRED CELL 
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MONITOR LINK QUALITY 
(OR TIMER BETWEEN DATA COLLECTION) 



DETERMINE NEED TO 
HANDOVER OR COLLECT DATA 
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SEND HO TO BCCH CHANNEL h< 



REFUSE HO BUT COLLECT 
LINK PARAMETERS 
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COMPARE LINK PARAMETERS TO 
DETERMINE BEST CELL FOR HANDOVER 



SEND HO COMMAND TO PREFERRED CELL 
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